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ABSTRACT 

Introduction: Although cardiovascular disease is 
typically associated with middle or old age, the 
atherosclerotic process often initiates early in childhood. 
The process of atherosclerosis appears to be occurring 
at an increasing rate, even in pre-adolescents, and has 
been linked to the childhood obesity epidemic. This 
study will investigate the relationships between obesity, 
lifestyle behaviours and cardiometabolic health in pre- 
pubescent children aged 8-10 years, and investigates 
whether there are differences in the correlates of 
cardiometabolic health between Maori and Caucasian 
children. Details of the methodological aspects of 
recruitment, inclusion/exclusion criteria, assessments, 
statistical analyses, dissemination of findings and 
anticipated impact are described. 
Methods and analysis: Phase 1 : a cross-sectional 
study design will be used to investigate relationships 
between obesity, lifestyle behaviours (nutrition, physical 
activity/fitness, sleep behaviour, psychosocial 
influences) and cardiometabolic health in a sample of 
400 pre-pubescent (8-10 years old) children. Phase 2: 
in a subgroup (50 Caucasian, 50 Maori children), 
additional measurements of cardiometabolic health and 
lifestyle behaviours will be obtained to provide objective 
and detailed data. General linear models and logistic 
regression will be used to investigate the strongest 
correlate of (1) fatness; (2) physical activity; (3) 
nutritional behaviours and (4) cardiometabolic health. 
Ethics and dissemination: Ethical approval will be 
obtained from the New Zealand Health and Disabilities 
Ethics Committee. The findings from this study will 
elucidate targets for decreasing obesity and improving 
cardiometabolic health among preadolescent children in 
New Zealand. The aim is to ensure an immediate impact 
by disseminating these findings in an applicable manner 
via popular media and traditional academic forums. 
Most importantly, results from the study will be 
disseminated to participating schools and relevant 
Maori health entities. 



Strengths and limitations of this study 



Worldwide, health systems are struggling under 
the escalating burden of non-communicable 
diseases. 

Increasing rates of cardiometabolic complica- 
tions among preadolescents have been linked to 
the childhood obesity epidemic. 
This study will comprehensively examine the rela- 
tionships between obesity, lifestyle behaviours and 
cardiometabolic health in preadolescents. 
The stated research will increase the understanding 
of current diseases affecting New Zealand children. 
Findings from this study will enlighten targets 
for improving cardiometabolic health among pre- 
adolescents in New Zealand. 
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INTRODUCTION 

While cardiovascular disease (CVD) is typically 
associated with middle or old age, the 



atherosclerotic process often initiates early in 
childhood/ The process of atherosclerosis 
appears to be occurring at an increasing rate, 
even in preadolescents, and has been linked 
to the childhood obesity epidemic.^ ^ In 
New Zealand, the prevalence of childhood 
(2-14 years) obesity increased from 8.4% in 
2006/2007 to 11.1% in 2012/2013.^ 
Furthermore, within New Zealand, much 
higher rates of obesity have been reported 
among Maori children (18.6%) than among 
their counterparts of European ancestry 
(7.5%).^ The prevalence of obesity has taken 
its toll among the Maori population, placing 
these cohorts at greater risk for obesity-related 
cardiometabolic complications, including dys- 
lipidemia, hypertension, type 2 diabetes melli- 
tus and subsequent CVD.^ 

A child's body composition is determined 
by interactions between their genes and life- 
style behaviours. The genetic makeup of chil- 
dren has not altered dramatically over the 
past two decades in which obesity has rapidly 
increased. It is likely, therefore, that lifestyle 
behaviours and environmental influences are 
a probable cause of this childhood obesity 
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epidemic.^ ^ While commonly cited causes of obesity 
include declining physical activity and fitness levels, 
poor nutrition^ and poor sleep habits,^ no study in New 
Zealand has comprehensively assessed all of these com- 
ponents together in primary school-aged children. 
Furthermore, it is unknown whether (A) fatness (body 
composition), physical fitness, physical activity, nutri- 
tional behaviour or sleep is the most important correlate 
(strongest independent predictor) of a child's cardiome- 
tabolic health and (B) whether these relationships are 
consistent between Maori and Caucasian children. The 
findings from this study may allow us to develop cultur- 
ally appropriate interventions for children to promote 
sustainable obesity-preventing lifestyles and to improve 
cardiovascular health.^ 

Our aim is to investigate the relationships between 
obesity, lifestyle behaviours (nutrition, physical activity/ 
fitness, sleep behaviour, psychosocial influences) and car- 
diometabolic health in pre-pubescent (8-10 years old) 
children. Furthermore, the research will investigate 
whether there are differences in the correlates of cardio- 
metabolic health between Maori and Caucasian children. 
The research outcomes from Pre-Adolescent Cardio- 
Metabolic Associations and Correlates (PACMAC) will 
help inform health professionals, health and physical 
education curricular and child health policy guidelines 
as to the most effective way to make an impact on the 
deteriorating health of children. The stated research will 
increase the understanding of CVDs that are affecting 
New Zealanders, and subsequently through more tar- 
geted interventions enhance the health and well-being of 
children and consequently adults. 
General Research Questions: Phase 1 

1. Investigate the associations of physical activity, phys- 
ical fitness, nutrition and sleep habits with fatness. 

2. Investigate the strongest correlate of physical activity: 
physical environment (walkability, playability index) 
or psychosocial (attraction to physical activity). 

3. Investigate the strongest correlate of nutritional 
behaviour: physical environment (local built food 
environment) , psychosocial ( preferences for and atti- 
tudes towards healthy foods) or hereditary (genetic 
variability of taste receptors) . 

4. Investigate the association of fatness, nutrition, phys- 
ical activity, physical fitness and sleep with cardiome- 
tabolic health. 



General Research Questions: Phase 2 

5. Using objective measures (A) investigate the associ- 
ation of fatness, nutrition, physical activity, physical 
fitness and sleep with CVD risk and (B) determine 
whether the strongest correlate of CVD risk is similar 
for Maori and Caucasian children. 



METHODS 
Study design 

A cross-sectional study design will be used to investigate 
relationships between obesity, lifestyle behaviours and 
cardiometabolic health in a sample of pre-pubescent 
children aged 8-10 years from three representative 
sample sites from across New Zealand (Wellington, 
Canterbury and Otago). Data collection will begin in 
October 2014 and will continue for 18 months. Phase 1: 
To reduce disruption and burden for the children, previ- 
ously validated broadly applicable research instruments, 
which have been used in large-scale national and multi- 
national epidemiological studies, will be utilised (see 
figure 1). Phase 2: In a subgroup of children (50 Maori, 
50 Caucasian children) objective measurements will be 
obtained to provide additional more in-depth data to 
add to our findings (see figure 2). 

Study participants and recruitment 

Four hundred children will be recruited for participa- 
tion in phase 1 where measures will be largely based on 
self-report, of which 100 children will also be asked to 
participate in phase 2 (objective). In addition to having 
self-reported measures, objective measures will be taken. 
Children will be deemed eligible if they are aged 8- 
10 years and are asymptomatic of injury or illness as 
determined by a standardised health screening question- 
naire and a physical activity readiness-questionnaire 
(PAR-Q), completed by a parent or guardian. Children 
will be ineligible to participate if they have had an ortho- 
paedic injury or surgery that has prohibited full function 
within the previous 4 weeks or are prescribed any cardio- 
vascular medications. Written parental or guardian 
consent and child assent will be obtained prior to 
participation. 

Schools (Wellington, Canterbury and Otago) will be 
stratified by socioeconomic status and randomly 
selected. School principals will be contacted initially via 



Figure 1 Protocol for phase 1 
(20-MST, 20 m Multistage Shuttle 
Run test; BIA, bio-impedance 
analysis; BMI, body mass index; 
PWA, pulse wave analysis; WHR, 
waist:hip ratio). 
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Figure 2 Protocol for phase 2 
(BIA, bio-impedance analysis; 
BMI, body mass index; FMD, 
flow-mediated dilation; HRV, heart 
rate variability; PA, physical 
activity (accelerometry); PWA, 
pulse wave analysis; WHR, waist: 
hip ratio; V02max, maximal 
oxygen uptake. 
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email invitation, followed by a face-to-face meeting. 
Written consent will be sought from both the principal 
and the classroom teachers of each school before parti- 
cipants in year 3-5 classes are recruited. Subsequently, 
an information packet will be sent home with the chil- 
dren, and the children will be eligible to participate if 
they return the parent informed consent and child 
assent forms signed. 

Cultural sensitivity 

A number of steps will be included within the design of 
the study to ensure cultural sensitivity and long-term via- 
bility of PACMAC: 

1. Maori academic consultants have been involved in 
the development of the study and will have an 
ongoing role in advising on cultural issues to ensure 
that the study findings are appropriately delivered to 
Maori communities. 

2. Guidance will also be provided on acceptable 
methods of engaging Maori participants, on cultural 
issues that may arise in relation to the study design 
and measures and how these might inform the devel- 
opment and success of the study. 

Phase 1 procedures (400 children) 

The outline for phase 1 is depicted in figure 1. Monday 
through Thursday, anthropometric, cardiometabolic and 
taste outcomes will be assessed. Students will report for 
testing between the hours of 9:00 and 12:00, having 
fasted for at least 3 h, and refrained from exercise for 
24 h.^ Assessments (table 1) will take place in a quiet, 
climate controlled room at the school. On Friday, all 
children will have their physical fitness assessed in the 
school hall. A web-based (Lime Survey, open source) 
questionnaire will be used to collect demographic data, 
as well as psychosocial, sleep behaviour, physical activity 
and nutrition behaviour using previously validated 
scales. The questionnaire will be web based, and will be 
completed at the child's home, in consultation with a 
parent or guardian. 

Demographic 

Demographic data will include home and school 
address, gender, ethnicity, parent marital status, parent 
occupation, parent academic qualifications and 



household income. Home address will be used to deter- 
mine urban versus rural residential area and New 
Zealand deprivation score used as a measure of neigh- 
bourhood socioeconomic status. The school address will 
be used to calculate school decile rating. 



r 



Table 1 Study outcomes 



Methods 



Phase 1 Phase 2 



Cardiometabolic 
Flow-mediated dilation x 
Heart rate variability x 
Pulse wave analysis x x 

Blood markers: lipoproteins, x 
triglycerides, serum glucose, 
HbA1c 

Fatness 

Visceral fat x 
Waistihip ratio, waist:height ratio x x 
Body mass index x x 

Bio-impedance analysis x x 

Physical activity 
Accelerometry x 
Youth Physical Activity x x 

Questionnaire 

Children's Attraction to Physical x x 
Activity scale 

Neighbourhood/school walkability, x x 

playability index 
Physical fitness 

Cycle V02max x 

Shuttle run test (20-MST) x 
Sleep 

Accelerometry (+sleep diary) x 
Child Sleep Habits Questionnaire x x 
Nutrition 

New Zealand Children's Food x x 
Frequency Questionnaire 
Psycho-social Correlates of Food x x 
Choice Questionnaire 

Four-day estimated food diary x 
Food outlet availability x x 

Taste test x x 

DNA (saliva) x x 

20-MST, 20 m Multistage Shuttle Run test; HbA1c, glycated 
haemoglobin; V02max, maximal oxygen uptake. 
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Cardiometabolic health 

Biochemical markers (total cholesterol, high-density 
lipoproteins, low-density lipoproteins, triglycerides, 
serum glucose and glycated haemoglobin (HbAlc)) will 
be supplemented with pulse wave analysis (PWV). 
Biochemical markers will be collected using a well- 
tolerated finger prick procedure and analysed using 
portable lipid/glucose (CardioChek PA) and HbAlc 
(Afinion HbAlc) analysers. PMAwill estimate central sys- 
tolic blood pressure (cSBP) and central arterial wave 
reflection (augmentation index, AIx %). PMA is a 
simple, non-invasive, valid and reliable technique that 
has been widely used in epidemiological studies. 
Each variable will be standardised as follows: standar- 
dised value= (value -mean )/SD. The z-scores of the indi- 
vidual risk factors will be summed to create a 
cardiometabolic risk score. 

Fatness 

Body composition will be estimated using body mass 
index (BMI), waist circumference, waistihip ratio (WHR), 
waist:height ratio and body composition (fat mass, 
fat-free mass) using bioimpedance analysis. Fat mass 
index (FMI) will be calculated by dividing fat mass (kg) 
by height squared (m) and fat-free mass index (FFMI) by 
dividing fat-free mass (kg) by height squared (m) . Using 
BMI, children will be classified as normal weight, over- 
weight or obese according to International Obesity Task 
Force cut-off points. 

Physical fitness 

Cardiorespiratory fitness will be estimated using the 
20 m maximal multistage shuttle run test (20-MST), a 
reliable and valid test which requires limited facilities. 
The results are recorded as laps taken until exhaustion. 

Physical activity 

Moderate-to-vigorous physical activity (MVPA) min/day, 
as well as physical activity type and context (eg, modal- 
ity) , will be determined using the Youth Physical Activity 
Questionnaire (YPAQ) . The 47-item YPAQ asks students 
to quantify the frequency and duration of a range of 
physical and sedentary activities for both week and 
weekend days over the past 7 days. 

Nutrition 

Food choice will be assessed using a specially modified, 
short version of New Zealand Adolescent Food Frequency 
Questionnaire (NZAFFQ), the New Zealand Children's 
Food Frequency Questionnaire (NZCFFQ), designed for 
use in this age group. This Food Frequency Questionnaire 
(FFQ) is based on the Health Behaviour in School 
Children (HBSC) FFQ which is suitable for use in this age 
group. This questionnaire was pretested in a sample of 
adolescents from Otago before use in a study and showed 
good repeatability and relative validity. This is a non- 
quantitative FFQ (ie, it measures frequency only, not 
portion size). Frequency of consumption of 15 commonly 



consumed food items will be recorded by asking the 
respondent how many times weekly each item is con- 
sumed. Dietary patterns will be generated from this FFQ 
data using principal components analysis. 

Sleep 

Increasing evidence has indicated that short sleep dur- 
ation may be related to cardiometabolic complications, 
including obesity, among children. Sleep habits and 
sleep disturbances will be recorded using the Children's 
Sleep Habits Questionnaire (CSHQ).^^ A total score and 
scores on the eight subscales that cover key domains of 
sleep and sleep behaviour (bedtime resistance, sleep 
onset, sleep duration, anxiety around sleep, night 
waking, parasomnias, sleep-disordered breathing and 
morning waking/ daytime sleepiness) will be calculated. 

Environmental correlates of physical activity and nutritional 
behaviour 

Student's home and school locations will be mapped 
using a Geographic Information System (CIS) package 
(ArcGIS 10, ESRI). Two physical activity-related variables 
(neighbourhood walkability index, playability index) and 
several food outlet accessibility variables will be calcu- 
lated. Personalised walkability index values will be calcu- 
lated using combined measures of street connectivity, 
dwelling density, land use mix and retail floor area ratio, 
as previously reported by URBAN Study. The buffer 
distance will be developed along an 880 m (correspond- 
ing to 10 min walk) street network from the student's 
residence, excluding areas that cannot be accessed due 
to major barriers (eg, roads, water features). Playability 
index values will be calculated based on public park 
proximity/ availability and quality features within them 
presumed to be most related to physical activity among 
children aged 8-10 years. 

Personalised food environment index will be calcu- 
lated by determining the density of 'healthy' and "'non- 
healthy' outlets, as well as individual types of outlets (all 
food outlets, convenience stores, supermarkets, fast food 
outlets) along an 880 m street network from the stu- 
dent's residence, and distance to the nearest outlet. 
Unhealthy food outlets were those that offered primarily 
energy dense, low-nutrient foods, such as chain fast food 
restaurants. This index will be categorised using a 
median split to determine if the food environment is 
'healthy' (<50th centile of unhealthy food outlets/ 
healthy food outlets) or 'unhealthy' (>50th centile of 
unhealthy food outlets/healthy food outlets) . 

Psychosocial determinants of physical activity and nutritional 
behaviour 

The Children's Attraction to Physical Activity scale 
(CAPA)^^ includes 25 items and 5 dimensions: (1) enjoy- 
ment of vigorous physical activity, (2) perceived import- 
ance of participating in physical activity, (3) liking of 
games and sports, (4) perception of physical exertion as 
fun and (5) perceived peer acceptance in games and 
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sports. The modified version of CAPA, using a Likert 
format, has been validated for use with young (aged 6- 
8 years) children. Each subscale includes five items, 
measured from one (low) to four (high). An average 
score (of four) will be calculated for each subscale. 

Psychosocial correlates of food choice will be assessed 
using the Pro Children study questionnaire,^^ which 
includes questions on the importance of healthy eating, 
attitudes and beliefs towards healthy eating, self-efficacy 
and home availability. Responses these questions will be 
summed to provide scores for each domain. 

Taste 

Eating behaviours are influenced by taste preference 
and access to foods in the environment. Food outlet 
accessibility will be calculated as described above. 
Humans exhibit considerable variation in their taste and 
olfactory receptors,^^ which are likely to impact food 
preference and choice. To investigate the impact of 
genetic variation on food preference, a number of taste 
phenotypes will be assessed including the inherited 
ability to taste 6-n-propylthiouracil (PROP). PROP is a 
bitter thiourea compound; tasters have a greater 
number fungiform papillae and taste buds on these 
papillae, making them more sensitive to basic tastes, 
including fat.^^ In contrast, non-tasters tend to show 
heightened acceptance for certain high-fat foods,^^ and 
several studies have demonstrated higher BMIs in non- 
tasters compared to taster counterparts. A simple taste 
test will be used to assess taster/non-taster phenotype 
status; a salivary DNA sample will also be collected to 
determine taste receptor genotype (s). 

Phase 2 procedures (50 Caucasian, 50 Maori cliildren) 

The protocol for phase 2 is depicted in figure 2. 
Cardiovascular health, fatness and fitness measurements 
(table 1) will take place on the same day in a laboratory 
setting. Participants will report for testing between the 
hours of 9:00 and 12:00, having fasted for at least 3 h, 
and having refrained from exercise for 24 h.^ At the con- 
clusion of the laboratory visit, participants will be pro- 
vided with a food diary, sleep diary and an 
accelerometer to collect objective physical activity and 
sleep data for 7 days. On day 7, the participant will be 
asked to complete a web-based questionnaire (described 
above) in consultation with a parent or guardian. 

Cardiovascular disease risk 

Assessments will include flow-mediated dilation (FMD), 
heart rate variability (HRV) and PMA (as described pre- 
viously). FMD is the standard tool used to assess endo- 
thelial function. Reduced FMD is an early marker of 
atherosclerosis^^ and an impaired FMD response has 
been demonstrated in children as young as 7 years old 
with familial hypercholesterolemia.^ FMD will be con- 
ducted using a high-resolution B-mode ultrasound 
device (t3200; Terason, Burlington, Massachusetts, USA) 
equipped with a 15-4 MHz linear array transducer 



(15L4). The raw FMD score (%) as well as the hyper- 
aemic response (shear stimulus) will be reported. 

HRV is a quantitative marker of autonomic activity 
which has been shown to predict adverse cardiac events 
and mortality in patients^^ as well as in the general 
population. The R to R wave interval will be recorded 
(Polar RS800CX, Polar Electro OX Kempele, Finland) 
during 5 min quiet, supine rest. HRVwill be expressed as 
the root mean square of successive differences 
(RMSSD). The z-scores of FMD%, RMSSD, cSBP and 
AIx% will be summed to create a CVD risk score. 

Fatness 

Visceral adiposity poses a higher risk for developing 
obesity-related disorders than overall adiposity,^^ includ- 
ing in adolescents and children. CT and MRI are refer- 
ence methods, but both are high-cost technologies, and 
CT requires radiation exposure. Therefore, intra- 
abdominal tissue thickness (lAT) and abdominal wall fat 
index (AFI) will be measured by a highly trained sono- 
graphist using a portable, high-resolution, B-mode ultra- 
sound device (t3200; Terason, Burlington,Massachusetts, 
USA) equipped with 6-1 MHz curved array (6C1) and 
15-4 MHz linear array (15L4) transducers. lAT will be 
defined as the distance, in millimetres, between the linea 
alba and the anterior wall of the aorta, measured 1-5 cm 
above the umbilicus at the xipho-umbilical line. AFI is 
defined as the ratio of subcutaneous to preperitoneal fat, 
measured immediately below the xiphoid process. 
Preperitoneal fat is defined as the distance between the 
linea alba and the peritoneum. These measurements 
strongly agree with CT-based^^ and MRI-based^^ estima- 
tions and are highly reliable.^^ The z-scores of lAT and 
AFI will be summed to create a fatness score. 

Physical fitness 

Participants will complete a continuous, incremental 
maximal exercise test on a cycle ergometer. The test will 
begin at 10 W and will increase by 10 W every minute for 
the duration of the test. Participants will maintain a cycle 
cadence of 60 rpm throughout the test. The following cri- 
teria will be used to determine test termination: volitional 
exhaustion in conjunction with a respiratory exchange 
ratio (RER) >1.02, a perception of exertion of 9 or 10 
using the Eston-Parfitt Curvilinear scale^^ and heart rate 
>195 bpm. As a plateau oxygen uptake is rarely evident 
in young children,^^ VO2 peak will also be used to iden- 
tify maximal oxygen consumption during the test. VO2 
peak will be expressed relative to body weight. 

Physical activity 

Accelerometry will be used to objectively measure MVPA 
(min/day). Data collection will take place over 7 days. 
The participants will be instructed to wear a water resist- 
ant 3-axis accelerometer (wActiSleep-BT; ActiGraph 
LLC, Fort Walton Beach,Florida, USA) on the non- 
dominant arm continuously, that is, 24 h/ day. This is a 
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validated objective measure of physical activity for use 
with young people. 

Sleep 

Sleep behaviour will be assessed using the ActiSleep 
monitor described above in conjunction with a paper- 
based sleep diary. The monitor will be initialised to 
collect data across 60 s epochs. Participants will be 
instructed to keep a record of time in bed, time out of 
bed for each measured sleep episode, and to return a 
completed sleep log diary with the ActiSleep monitor to 
the research staff. The actigraphy and diary data will be 
used to determine bedtime and rise time, sleep onset 
and offset, sleep latency, total sleep time, number and 
duration of awakenings, wake after sleep onset and sleep 
efficiency after applying the Sadeh algorithm setting. An 
integrated ambient light sensor provides information to 
assist in determining bedtimes and rise times. 

Nutrition 

Food intake will be recorded using a 4-day estimated 
food diary specifically designed for use in this age 
group. Children will be asked to record everything that 
they eat and drink (including on one weekend day) with 
assistance from parents where necessary. Nutrient values 
will be calculated using the Kai-culator nutrient analysis 
software (University of Otago 2014) for all macronutri- 
ents and key micronutrients of interest. 

Sample size calculations 

Phase 1: Using magnitude-based inferences to estimate 
the sample size required to detect the smallest beneficial 
(or detrimental) effect in a cross-sectional study (in this 
case a correlation of 0.10 which is set lower than the esti- 
mated correlation of 0.20 found in previous research 
between fitness and fatness,^^ with the maximum 
chances of a type 1 and 2 error set at 5% (ie, very 
unlikely), approximately 272 children are required.^^ To 
allow for an approximate 30% non-completion rate 
across all study measures, 400 children will be recruited 
to the study. 

Phase 2: Using the same method described above, but 
changing the smallest beneficial effect to match that 
found previously between FMD and physical activity (ie, 
r=0.40),^^ approximately 20 participants are required 
per group (Caucasian or Maori). We will oversample to 
accommodate for setbacks. 

Statistical analysis 

All variables will be checked for normality of distribution 
before analyses and transformations will be applied 
where necessary. For research Ql the dependent vari- 
able will be fatness (BMI and FMI) and the independ- 
ent/predictor variables will be physical activity, physical 
fitness, sleep behaviour and nutrition. Initially, partial 
correlations will be used to examine bivariate correla- 
tions of the predictor variables with BMI, for example. 
Subsequently, two separate multiple regression models 



will be used to examine the association of the predictor 
variables with BMI. Model 1 will include each independ- 
ent variable separately. Model 2 will adjust for the other 
predictor variables to test independent associations. The 
same two models will be used in logistic regression to 
examine the association of each predictor variable with 
risk of obesity. 

For research Q2 the dependent variable will be phys- 
ical activity and the predictor variables include walkabil- 
ity index, playability index and the five dimensions of 
the CAPA scale. Statistical procedures will be similar to 
those followed for Ql. For research Q3 the dependent 
variables will be the principal component analysis 
derived dietary patterns and the independent variables 
will include food environment variables, psychosocial 
variables (preferences for and attitudes towards healthy 
foods) and taste response (taste/non-taste) to PROP. A 
two-way (environment index x taste response) analysis of 
covariance will be used to examine environment-gene 
interaction, adjusting for psychosocial variables. For 
research Q4 the dependent variable will be composite 
cardiometabolic risk score and the predictor variables 
will include fatness, physical activity, physical fitness, 
nutrition and sleep behaviour. 

For research Q5 the dependent variable will be the 
composite CVD risk score, and the predictor variables 
will be fatness, physical fitness, physical activity, sleep 
and nutrition. Statistical procedures will be similar to 
those followed for Ql, with the addition of a dichotom- 
ous variable to distinguish ethnicity groups 
(European-descent, Maori). Post hoc, Maori children 
will be matched to European descent children for BMI. 
Analysis of covariance will be used to compare groups, 
adjusting for the other predictor variables. 

Dissemination of findings 

Outcomes will be shared with public health professionals 
and the general public through outlets such as Nutrition 
Society newsletters and traditional media outlets, includ- 
ing popular newspapers, magazines, radio and television, 
including ONE Te Karere. In addition, findings will be 
shared with the academic community through high 
impact, open access journal articles and through inter- 
national conferences. Most importantly, results from the 
study will be disseminated to participating schools and 
relevant Maori health entities. This will be conducted in 
a culturally appropriate manner and will be supported 
and guided by the Maori advisory team. This is likely to 
include a hui (Maori assembly) where cultural processes 
are adhered to and which promotes discussion format 
with participants across all ages and facets of the com- 
munity, and held at an appropriate venue (ideally a 
Marae). 

DISCUSSION 

Worldwide, health systems are struggling under the 
escalating burden of non-communicable diseases, of 
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which obesity and subsequent CVD are arguably at the 
forefront. Obesity and comorbid compHcations, are 
occurring at an increasingly younger age, prolonging 
the burden of disease and resulting in lost years of prod- 
uctivity a decreased quality of life, and a growing eco- 
nomic burden. The research outcomes from this study 
will help inform health professionals as to the most 
effective way to make an impact on the deteriorating 
health of our children. The stated research will increase 
the understanding of current diseases affecting Maori 
children as well as all New Zealand children, and subse- 
quently through more targeted interventions, enhance 
the health and well-being of children and consequently 
adults. 

Short-term, the findings from this study will elucidate 
targets for decreasing obesity and improving cardiometa- 
bolic health among preadolescent children in New 
Zealand. The aim is to ensure an immediate impact by 
disseminating these findings in an applicable manner 
via popular media, community outlets and traditional 
academic forums. Long-term, this research will facilitate 
larger scale prospective and interventional studies, focus- 
ing on potential ethnic differences, changes with/ across 
age groups, comparisons between nations and implica- 
tions on healthcare systems. 
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